Tibial motor nerve conduction velocity was measured in rats, before and two months after the induction of diabetes with streptozotocin. A second group of diabetic animals was also administered 100 dietary myoinositol supplements. An analysis of variance was performed on these data. Myoinositol supplements had no effect whatsoever. The period of diabetes had a statistically significant and quantitatively marginal effect (a decrease of 2-2 m s-') on conduction velocity. This is considerably less than in previous reports. The reasons for this are discussed. Tibial motor nerve conduction velocity was also measured in a group of alloxandiabetic rabbits two months after the induction of diabetes and in an age-matched control group. Conduction velocity was again slightly but significantly less in the diabetic animals.
Eliasson' first reported reduced nerve conduction velocity in the sciatic nerves of rats made diabetic with alloxan. In a later study on isolated nerve fibres,2 he attributed this to a diminution in the electrical resistance of the myelin. Reduced nerve conduction velocity was found by numerous other authors in alloxan-diabetic rats3-' and subsequently in streptozotocin-diabetic rats. [9] [10] [11] Eliasson' was unable to show any improvement in conduction velocity with insulin treatment but this was later claimed by Prestonand others.6 10 11 It was therefore suggested by Jakobsen and Lundbaek12 that the reduction might be equivalent to the changes found in newly diagnosed diabetes in man that are rapidly corrected by the institution of treatment. 13 14 Mayher et all5 reported that the reduced conduction velocity in alloxan-diabetic rats could be improved by hypophysectomy and Greene et al"0 claimed that a small dietary myoinositol supplement prevents the reduction in streptozotocin-diabetic rats.
The explanation for the reduced nerve conduction velocity has been a matter of dispute. Preston3 and Hildebrand et al) reported paranodal and segmental demyelination, but this was not con-Eliasson' and Sharma and Thomas9 found no alteration in fibre diameter but Jakobsen and Lundbaek" and Jakobsen" 17 later showed that nerve fibre diameter was less in the diabetic animals than in age-matched controls, this affecting axon diameter to a greater extent than myelin thickness. Sharma et all8 could not demonstrate any absolute reduction in the external diameter of myelinated nerve fibres, that is with measurements taken to the outer aspects of the myelin sheaths, in serial observations on streptozotocin-diabetic rats before and after the induction of diabetes.
Rats are known to continue growing until approximately 9 months of age, this affecting both nerve fibre diameter and conduction velocity.9 19 20 The difference in conduction velocity between the diabetic and control animals could therefore be due to an impairment in the maturation of nerve fibre diameter produced by the diabetes. Streptozotocin diabetes retards both growth in nerve fibre diameter and skeletal growth in rats.2' Most observations on changes in nerve conduction velocity in experimental diabetes have been performed on rats during the period of rapid growth. This undoubtedly complicates interpretation of the results. In this study we have therefore made serial observations on streptozotocin-diabetic rats using mature animals to obviate this difficulty.
We have also made observations on alloxandiabetic rabbits, which have not previously been studied electrophysiologically. In addition, we have made a further assessment of the possible influence of low dose dietary myoinositol supplements on nerve conduction velocity.
Methods

Induction of diabetes Diabetes was induced in male
Wistar rats aged approximately 9 months (weight 490-660 g) by the intraperitoneal injection of streptozotocin at a dosage of 55 mg kg-' body weight. Although younger animals tolerate higher amounts than this, for mature animals, dosages of 65 mg kg-' and above lead to a high mortality in the acute stage after administration. Animals were accepted as diabetic when blood sugar concentrations exceeded 19 4 mmol 1-1 (350 mg dl-[) as recommended by Greene et al. 10 The rats were maintained for two months in plastic metabolic cages on 41B Oxoid diet (Lillico) with water ad libitum. A two month survival period was chosen in an attempt to avoid any acute changes that might be related to alloxan or streptozotocin toxicity. Eliasson' reported that the degree of reduction in conduction velocity is greater during the early period after induction of diabetes in rats with alloxan; this was attributed to a direct toxic effect of alloxan. The rats given supplementary myoinositol were administered 1% myoinositol (Sigma) by weight in a diet according to the regime adopted by Greene et al. 10 The untreated 41B diet contained 0023% myoinositol. 22 For the studies on rabbits, male New Zealand white rabbits were received at about two months of age (approximately 2 kg in weight) and maintained in individual metal cages with water ad libitum and RGP Pellet No 478 (Grain Harvesters Ltd) diet. Within a few days of arrival, diabetes was induced in randomly selected and non-fasting rabbits by the intravenous injection over 10 min of 150 mg kg-' body weight of alloxan monohydrate (Sigma) in freshly prepared 5% aqueous solution. During the subsequent 24 hrs, regular Dextrostix (Ames) blood glucose measurements were made, and 5-10 ml aliquots of intravenous 50% dextrose were administered to hypoglycaemic rabbits to prevent convulsions. Supplementary feeding of bran and fresh vegetables was provided for control and diabetic animals during the first post-induction
week. At four days post-induction, diabetic animals were given a single subcutaneous injection of 4 IU protamine zinc insulin. The animals were maintained for two months and weekly weighing and blood glucose measurements (Beckmann glucose oxidase 02 uptake method) performed in the diabetic rabbits.
Nine per cent of the rabbits failed to become sufficiently diabetic and were excluded from the study. Electrophysiological recordings The rats were anaesthetized with ether and laid on their right side on an electrically heated pad in a warm room. The exposed hind quarters and left leg were covered with a jacket made from a parallel array of silicone rubber tubes through which was circulated water maintained at 37°C. Recordings were made only when the rectal temperature and skin temperature over the thigh and ankle were all at 37+0 5°C. The electrically-heated pad was employed to warm the animals if they were below this temperature at the start of the experiment. The rabbits were anaesthetized with an intravenous injection of pentobarbitone sodium (Sagatal 60 mg per ml, May and Baker) at a dosage of 0 3 ml kg-' body weight with supplementary ether and placed on an electrically heated pad in a warm room. The pelvis and right hind limb were fixed with strapping with the latter held in full extension. The rectal and calf intramuscular temperature was recorded with thermistor probes during the experiment and recordings were only made when these were both at 39+050C.
For both species, motor nerve conduction velocity was measured by the method described previously.9 A concentric needle electrode (Disa type K0511) was inserted into the muscles of the first interosseous space of the foot. The sciatic nerve was stimulated through a needle electrode at the sciatic notch and the tibial nerve posterior to the medial malleolus with just supramaximal 0-1 ms duration stimuli delivered from a Devices isolated stimulator at a rate of 1 per second. The evoked muscle action potentials were suitably amplified and displayed on a Medelec fibre optic recording oscilloscope. A storage oscilloscope helped to ensure that the earliest deflection was obtained and that the responses were comparable for stimulation at both sites. Conduction time was measured from photographic paper records. The distance between the two stimulating electrodes was measured with a ruler.
Results
Observations on rats Measurements of tibial motor nerve conduction velocity were obtained in 10 rats before and eight weeks after the induction of diabetes with streptozotocin. Over this period the weight of the animals fell from a mean of 556 g to 372 g. The blood glucose concentration at the time of the latter recording ranged from 213-33-0 mmol 1-1 (383- Eight weeks after the induction of diabetes it was 51-3+3.6 m s-'. This difference is not statistically significant (p>005, matched-pair t test).
In 10 further animals, in addition to the induction of diabetes, the animals were given a dietary supplement of myoinositol (1% by weight).
Measurements of tibial motor nerve conduction velocity were again obtained before the induction of diabetes and eight weeks later (fig 1) . Over this period, the mean weight of the animals fell from 562 g to 397 g. The blood glucose concentration at the time of the latter recording ranged from 194-31-2 mmol 1-1 (350-562 mg dl-1) with a mean of 23*7 mmol 1-1 (427 mg dl-1). The mean value for conduction velocity before the induction of diabetes was 53-843-1 m s-I and after the eight week diabetic period, 51[0-i23 m s-1. Thus the mean conduction velocities after diabetes for animals with and without dietary myoinositol supplements were 51b042-3 and 51P343-6 m srespectively. A two way, repeated measures analysis of variance was performed on these data (see table) . It showed that the small reduction in conduction velocity for all the rats following diabetes (from 53-3+2-7 to 511 ±3 0 m s-1) was statistically significant, but that the inositol supplement had no detectable effect whatsoever. Even although a statistically significant effect was recorded for diabetes it was very small indeed. Too much should not be read into such a difference between measurements separated by two months.
Observations on rabbits
Motor nerve conduction velocity was measured in 14 alloxan-diabetic rabbits eight weeks after group.bmj.com on May 2, 2016 -Published by http://jnnp.bmj.com/ Downloaded from groups of diabetic rats, that is, with and without dietary myoinositol supplements, when analysed separately. When the two are combined, there is a very small but statistically significant reduction amounting to 2'2 m s-1. The rats employed in this study were of sufficient age (9 months) for it to be certain that nerve fibre diameter, and therefore presumably conduction velocity, were no longer increasing. The rabbits used were not fully mature, but had passed the period of most rapid increase in nerve conduction velocity (C Fowler, R W Gilliatt and C Krarup, personal communication). A maturational retardation as the explanation for the difference between the diabetic and control animals cannot therefore be entirely excluded. Previous studies on rats have mostly compared diabetic animals with age-matched controls and have used immature animals. The present results therefore strongly suggest that the "reduction" in conduction velocity that has been found is mainly a difference related to retarded maturation in the diabetic animals. In the recent study by Sugimura et a!23 conduction velocity in streptozotocin-diabetic rats (51*9 m s-1) was intermediate between those of onset-control (41d1 m s-1) and end-control (56 0 m s-1) animals. The duration of diabetes was not given. These values suggest that immature animals were used and support the view that a maturational deficit in the diabetic animals at least partly explains the findings.
The small size of the reduction in conduction velocity found in the rats in the present study makes it difficult to be certain whether it is directly related to the diabetes or to unknown and uncontrolled factors in the experiment. However, taking the rat and rabbit results together, it is clear that diabetes of this severity and duration can only be responsible for a very small diminution in conduction velocity, substantially less than the reductions reported in previous studies. These have amounted to as much at 20-25%.' 7 910 Jefferys and Brismar24 were unable to demonstrate any reduction in conduction velocity from observations on excised nerve from streptozotocindiabetic rats and found normal electrical properties for the nodes of Ranvier.
Relating these observations to the previous reports on nerve fibre size in streptozotocindiabetic rats, it is evident that the "reduction" in diameter reported by Jakobsen and Lundbaek' 2 and Jakobsen" 17 refers to a difference between diabetic and control animals. Sharma et a118 found, in serial observations before and five weeks after the induction of diabetes, that fibre size in the tibial nerve did not diminish. The values for maximal fibre diameter were 11-94 and 12-10 ,Lm respectively; these did not differ significantly. The corresponding values for a control group were 10-79 and 11 66 ,um respectively; this increase was statistically significant. These observations therefore again imply a maturational deficit in diabetic nerve. Similar findings have since been obtained with a survival period of 10 weeks (Sharma, Bajada and Thomas, unpublished observations).
Despite these considerations, it is possible that some degree of axonal shrinkage occurs in diabetic animals since Sugimura et a123 have reported that although axon circumference and the number of myelin lamellae are unchanged by the induction of diabetes, axonal area is less. The circularity of the axons from the diabetic animals is also reduced. It was therefore suggested that axonal shrinkage might occur as the result of an elevated extracellular osmolarity, as similar changes are observed following treatment with hyperosmolar fixatives. This important observation requires further study. It is of interest that Mendell et a!25
found reduced conduction velocity in the spontaneously diabetic (BB) Wistar rat without conspicuous associated morphological changes. It is possible that more extensive changes may develop in experimental diabetes after longer periods.
Powell et a120 reported the occurrence of demyelination and nerve fibre loss, together with the presence of intraaxonal glycogenosomes, in the sciatic nerves of rats after two years of alloxan-induced diabetes. The interpretation of this finding is handicapped by the observation that similar changes occur with aging in normal rats,2 7 2S although Powell et a!29 later found that glycogenosomes were significantly more common in diabetic animals. It is also possible that the genetically determined diabetes in the db/db mouse or in the Chinese hamster may provide useful models to study the longer term effects of diabetes in animals. Histological changes have been reported in the db/db mouse30 31 and in the Chinese hamster. 22 Reduced nerve conduction velocity concomitant with the onset of diabetes was also reported by Sima and Robertson.30 So far, these observations have been made on relatively small numbers of animals and require confirmation in more extensive studies. The importance of changes in myoinositol concentration in peripheral nerve in diabetes has yet to be established.33 It is a precursor of the polyphosphoinositides which are present in membranes, including those of neurons. It has been postulated that the polyphosphoinositides may be involved in the regulation of ionic transfer across the axolemma.34-36 The myoinositol concentration of peripheral nerve is known to be reduced in alloxan-induced and streptozotocin-induced diabetes in rats.'0 37 As already mentioned, Greene et al'0 found that the addition of 1% dietary myoinositol supplements prevented the reduction in nerve conduction velocity that they found in streptozotocin-diabetic rats. This was not confirmed by Jefferys et al. 22 In the present results, conduction velocity did not differ between the diabetic rats with and without myoinositol supplements: the values for these two groups differed by only 0 3 m s-1. The administration of dietary myoinositol has been claimed to improve nerve conduction in cases of diabetic neuropathy in man,38 39 but no clinical benefit has been noted in neuropathic symptoms .40 In conclusion, the present study establishes that when careful steps are taken to control temperature and to avoid the complications introduced by maturational changes, the reduction in nerve conduction velocity produced by experimental diabetes in rats and rabbits is found to be small. No influence from low dosage dietary myoinositol supplements is detectable. rabbit. and experimental diabetes in the rat
